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1A Study of the Preparation of Halogen Paraffin Acids by-
Electro -synthesis.
With the recent work upon ionization and structure (J. A~
.
Chem. Soc, 54 , 1912. and 5? , 1911* ) in mind, it seemed advisable
to prepare the halogen paraffin acids if possible, by other means
than is generally used in organic preparation. The methods now in
use are very long and extremely tedious, yielding a very low
percentage of the acid on the material used. Any method that could
be devised to shorten the time of preparation or increase the
percentage yield would be a material help in any future study of
the halogen acids. To accomplish this purpose the most feasible
way seemed to be through olectro-synthesis.
This method had ono very attractive advantage — time. If
results could be accomplished at all, after the exact conditions
were known, it should not take over a few hours to prepare all the
desired acid that any investigator would use. This acid would
also be very pure and not need the extra long series of purifi-
cation and recrystallization that is demanded with ordinary
organic preparation work. With all other electrolytically pre-
pared substances the percentage yield has been very high. The
also In fact
more common aliphatic acids haveAbeen prepared by this means. A it
is a very simple matter to get these different acids from the
salts of the next higher acids by electrolyzing a water solution
with platinum electrodes. If this can be done so- readily why
could not the conditions bo found which would favor the intro-

2duction of a halogen Ion into the Alpha., Beta, or Gamma positions
of these acids in their course of formation? This was tried by the
use of potasciuir. iodide and varied conditions of current, voltage,
concentration of solution, temperature, form of salt (as mono- or
dipotassium or the potassium ethyl ester), with different forms
of diaphrams, without diaphrans, and different forms and shapes
of electrodes and apparatus.

3Historical
.
In 1896 von Killer and Hofer ran a series of electro-syntheses
with different compounds and they report the preparation of beta
iodopropionic acid by the electrolysis of dipotassium succinate
and potassium iodide. (Ber., 28, 2436, 1896.) They used a low
current density and a low voltage with a high concentration of
solution and a parchment diaphram. The electrodes were both of
platinum, the anode being a fine platinum wire and the cathode a
sheet of platinum about two centimeters square. They used twenty
grams of the dipotassium salt. in twenty cubic centimeters of
water for the anode and the same proporation of potassium iodide
for the cathode, with one ampere and eleven and three tenths
volts between the poles. They report that at first there was
much frothing and gas was evolved, being mostly carbon dioxide,
and that the solution turned brown, due to free iodine. Soon an
oil appeared and the frothing tended to grow less. After some
hours they slopped the current, separated the compartments and
extracted the cathode portion with ether, decolorized with
sulphurous acid and the ether was evaporated off. A little free
succinic acid remained and after treating the oil containing the
succinic acid, with sodium hydroxide an oil was still left which
proved to be diiodo ethane. On decomposing the sodium salt which
formed, a slightly colored body in large flakes - remained, which
was slightly soluable in alcohol and ether, but not so very
soluable in cold water. On recrystallization from hot water they
found that it possessed all the properties belonging to beta
iodopropionic acid.

Traeger and Ewers (Jr. Pr . Chem., 58, 128.) have also done a
little work on electrolyxing water solutions of salts of succinic
acid and potassium iodide with diaphrams. They find that the
sodium salt is not good to use as it has a tendency to clog the
diaphram, thus stopping the current, and also a greater tendency
than the potassium salt to hydrolize the resulting compounds.
With the potassium salt, platinum electrodes, and an unglazed
porcelain diaphram, other conditions being quite similar to those
used by Hofer in regard to current and voltage, there was appar-
ently no formation of any iodo acid. On the contrary they report
the formation of iodoform and a great quanity of gas which proved
to be carbon dioxide, carbon monoxide, and a little oxygon.
Brown and Walker (R. Soc. Ed., 36_, fll, 1890.) have done a
great deal of work with electro methods of chemical preparation,
but have not considered the introduction of the halogen atom in
and
any case. Still it was considered advisable to consult their work A
to follow it as closly as possible as they had been so very sue--
cessful in their undertakings. They used in all cases the potas-
sium ethyl salt, as with this the ionization of both acid groups
is decreased and a far more exact control of conditions is
obtained. A platinum crucible four and eight tenths centimeters
high and four and three tenths centimeters in diameter was used
for the cathode, and a stout spiral of platinum wire suspended
about one centimeter from the sides of the crucible was used for
the anode. A high current density war considered not *favorable
and so a condition of about twelve volts and below five amperes

5was maintained. The solutions were all cooled in ice water and a
definite ratio of solution concentration followed, which was to
he one and five tenth parts of water to two parts of the potas-
sium ethyl salt. No diaphram was used in any case. With these
conditions they report an exceedingly ^ood yield of the esters
of succinic, adipic, suberic, and many other aliphatic o.cids.

Theorectical
.
By electrolyzing a water solution of succinic acid the
following ionic reactions are possible:
With one H ionizing,
( 1 ) H00CCH2CH2C00- + lty = -CHgCHgCOOH -f COg
.
With two Hs ionizing,
(P) -00CCF2CH2C00- -f = -CFoCHo- + ?C0 2 .
Potassium iodide will break up into potassium ions and iodine
ions, which upon neutralization gives at. the anode free iodine
atoms. With reaction (l), in the presence of the free iodine
atoms, there will be 'a possibility for the two uncombined radical
to unite, the result being bata iodopropionic acid. According to
the mass law a large excess of iodine ions should favor this
reaction, and if an excess carbon dioxide was present the concen-
tration of the hydroxyl ion would be decreased, thus decreasing
the tendency for the hydroxyl ion to hydrolyse out iodine,
and result in a further concetration of iodine ions. By using a
mono- ester, reaction (2) should be prevented to a great degree
and consequently the process would favor reaction (l) and should
tend toward the formation of the iodo acid.
With reaction (2) in excess two uncombined radicals might
unite and form cyclo butane, with an excess ionic iodine also
present, a tendency towards diiodo ethane might result, or with
hydrogen atoms present from neutralization of hydrogen ions, as
would always be the case in a water solution, it might be
expected to yield ethane. Further reactions are too numerous to

7name, if reaction (2) is allowed. The. alcohol s, aldehydes, com-
pound esters, unsaturated and saturated hydrocarbons, and iodo
derivatives being a few of the possibilities. In fact this same
principle is used in the laboratory for the formation of iodoform.
(J. Am. Chem. Soc, 26_, 170, 1904.) This depends upon using the
oxidizing power of the iodate, formed also in electrolysis, to
get the aldehyde group, and then by halogenat ion and decomposition
iodoform results. With these possibilities in mind, the odor and
appearance during the run give a cluo to the ionic reactions and
whether or not the desired conditions are being used.
With malonic acid or its salts the reactions are analogous to
the above with the exception of the formation of iodoform. It is
possible that iodoform could be formed in the course of the
reaction, but the tendency is not so great as with the succinic
salts and experimentally none was found. With this acid, being one
lower in the series, theorectically the lower iodo acid might be
formed, that is, iodo acetic.
i

8Preparation of Materials.
From the above it Can easily be seen that the ionization of
both acid groups must be hindered and thereby force the reaction
in the direction of reaction (1) as much as possible. An acid
salt could not be used either, as the difference in ionization
between the acid salt and the neutral salt" is so slight that the
results would be the same as the neutral salt itself. To over-
come this difficulity a mono potassium ethyl salt was used. With
the succinic acid there was a number of difficulties encountered
in the preparation of the salt, that later made it advisable to
work with the malonic derivatives. The method of Brown and Walker
(R. Soc. Ed., 36, '216, 1890.) for the preparation of the ester
of adipic acid was used with a few modifications. In the form-
ation of the diethyl succinate there was no need of pressure being
used as is generally the case with other esters. Succinic acid
is added to absolute alcohol and the whole saturated with dry
hydrochloric acid gas. The solid acid dissolves and results in
the formation of a good yield of diethyl ester. The excess
alcohol was then evaporated off on the steam bath and the
liquid
resulting Ataken as the diethyl ester. This was weighed and
dissolved in an equal volume of alcohol, and a calculated
quanity of potassium hydroxide in alcohol added, which was just
enough to replace one ethyl group, and the whole warmed to forty
or fifty degrees for an hour and then set aside over night. On
first adding the hydroxide a flocculent precipitate forms and
this on standing settles out heavy. The alcohol was evaporated
off on the steam bath and any unchanged diethyl ester extracted

°with ether from a water solution and this remaining water solution
evaporated as much as possible on the steam bath. As the salt
was very deliquescent it was heated in a vacumm desicator to
remove as muchWater as possible. This even gave a salt not
entirely dry, but it was a solid and considered favorable to use.
Analysis, on as dry a salt as could be obtained by the above
method, showed a very low percentage of the mono-potassium ethyl
succinate. Of five samples none run above twenty-one percent.
For the formation of the mono-potassium ethyl malonate the
material used was diethyl malonate (student preparation) and the
correct quanity of alcoholic potassium hydroxide added and the
whole allowed to stand. The alcohol was evaporated off and the
resulting solid dissolved in water. The unchanged, diethyl ester,
was extracted with ether. The water solution was then easily
evaporated to dryness on a steam bath and on drying further for
two days in a desicator showed a much higher percentage of mono-
potassium ester than the succinate? namely, forty-eight percent.
The first experiments were run on mono- and di -potassium salts
of succinic acid.Their preparation was by the ordinary means;
titration of a water solution of the acid with potassium hydroxide
using phenolphtalein as indicator for the di-potassium salt and
cochineal as indicator for the mono-potassium salt. In each case
the water solution was evaporated to dryness so that a better
regulation of the concentration of solution could bo affected.
The effect of the. electric current upon these different salts is
shown in the following tables and commented upon later where
special features enter into the electrolysis.
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Apparatus and conditions.
The use of the diaphram was at first though advisable in
order to keep the products of the reaction separated and thus
prevent hydrolysis and the complete decomposition of the iodo
acid which might be formed. The first nine experiments were run
in thin way, with a solution of potassium iodide as the anode
liquid and a solution of the potassium salt of the acid as the
cathode. In the first three an unglazed porcelain cup was used
but this had a tendency to stop the current or at least, to run
it down so low, due to clogging of the poros with free iodine,
that it was not considered that the best results were being
obtained. In the next six experiments parchment diaphrams were
used but here again there were certa'n difficulties. In each
experiment a slight variation was effected in the form of the
apparatus, but in all the principle was the same, namely; to tie
the membram over a glass tube and to immerge this into the
electrolyte contained in another vessel. The main difficulty was
due to the disin^rat ing of the parchment after the current had
been running a short time. This was caused by the alkali, formed
by the action of the current upon the potassium iodide, attacking
the membram. To overcome this carbon dioxide was passed in , in
several experiments this tended to reduce the concentration of
the hydroxyl ions and thus protect the diaphram. To make it more
easy to watch and control the current, both anode and cathode
cells were made of glass for several of the runs. With this
means, by moving the electrodes, the current density within the
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cell could be easily controlled and any change in the color of the
solution 3een. Three of the experiments were made exactly as Hofer
directed (Ber., 28, 2436, 1896.) in his research on the same
subject, as far as it was possible to follow his slight directions.
To mako an apparatus as near like his as possible two round bottom
flasks of one hundred and fifty cubic centimeters capacity were
used. In the side of each a small hole was blown to allow for the
introduction of the electrodes and electrolyte. Then over the
mouth of one was tied a piece of parchment and the mouth of the
other put tightly against this and the two flasks held tightly
togather with a piece of Gooch rubber. This was supported on a
ring stand and the anode, consisting of a platinum wire, intro-
duced into one of the opennings and a small piece of sheet platirun
introduced into the other, to serve as the cathode. The electrical
connections were then made and thirty cubic centimeters of a
solution of potassium iodide, one part potassium iodide to one
part of water, and the same amount of a solution of the potassium
salt in water, of equal strength were added to the anode and
cathode compartments respectively. These three were run with a
low current density and at a low temperature. The time of the
different runs was varied considerable but the results showed
very little difference except in the thirty minute run where the
iodoform had not time to form in sufficient quantity to separate
out as in the other cases. All the other experiments with the
exception of the seventeenth and eighteenth were carried on in a
platinum crucible with a heavy platinum spiral being used for
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anode, no diaphram of any kind being used. In those two, a copper
crucible was tried as cathode to see if the difference in the
properities of the metals, due to their position in the electro-
motive series, would effect the formation of the iodo acid.
In the eleventh and twelveth no potassium iodide was used and
the exact conditions of Brown and Walker (R, Soc. Ed., 36, 211,
1890.) followed. The results were exactly those desired, namely;
the formation of the esters of both propionic and acetic acids.
The last experiment was run on the potassium salt of bata iodo
propionic acid to determine the effect of the current upon the
substance otherwise prepared. No separation of the poles was made
and a moderately low current density used, keeping the whole cool
with crushed ice and allowing only thirty minutes for any change.
The acid was prepared by the ordinary organic synthesis and the
salt formed by titration, using phenolphalein as indicator.
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Conclusion.
With the results of the last experiment in mind it seems
impossible that the beta iodo propionic acid could be formed, at
least under the given conditions. If this substance is so easily
broken up by the electric current under the conditions that seem
most favorable to its formation, then it could not exist long
enough to be detected in any of the experimental work that has
been done. With a higher current density it should be expected
that the iodine would separate out even more rapidly than in this
case, and a lower purront density than that used seems not
practical. At any rate the iodo acid went to nieces so fast
that with a very low current density and a longer time the same
results would follow. It seems more probable that a catalytic
agent might be found that will influence the introduction of the
iodine radical or tend to prevent the splitting up of any iodo
acid that may be formed.
Although Hofer claims that he secured a' small yield of the
beta iodo acid by electro-synthesis, his account of the method
and conditions used is so very vague that they cannot be followed.
From the way he ran his experiments, with the potassium salt, and
from the above experimental data, it seems absolutely impossible
that he could get the results he claims. Lob (Electrochem. of
organic compounds, 86.) mentions that Miller and Hofer succeeded
in introducing the iodine radical, but expresses it in a most
doubtful way. In other places he gives a more definite account
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which again leads one to wounder if Lob did not doubt the results
of the work as Hofer has reported it. All considered it seems
improbable that the halogen paraffin acids have ever been prepared
by electro-synthesis. It does not seem improbable that they can
be prepared in that way, although some other feature will have to
be introduced before it is possible.



